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A controller calculates a moving path between a current
position of the subject vehicle and an optimal parking area
and operates the subject vehicle based on the moving path.
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FIG. 3
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FIG. 6

- - -
|
-— -—
a a - . a a . - a . . - a a . . a . . - . a a - - a - .
. a . . - r - a a . - a . . - . . . . a a - . - ' a a a - - . a
a ' 4 " . a a r - r - r a - 4 d " a a - - 4 . - . r ' ' . . "
a . - a - - ' . a . . . a a . - - . . . - a - a . . . a - -
. a a . - . . . a - - . . - - a a a . . a a . a - . - . - a
. a . . a - . - a a a - - a . . - a . - . r - a a - - a a a . -
a a . . a a . - - . - a - . . ' a a - - . . a . - - a - . .
- a - - . - . a a a . - . a - - a a . a a . . a . a
a a a . ' . . . a . . r & a a . - . ' . . . - . . . . - a - - .
r . - i - a r ' . a a . a . a - - - r ' . - a a a ' a . ' a - .
' a a - - . . a . - . . - a a . . a a . a - . . . - a
. . [l ] . . . . . il ] . . ' [l 1 ] . . . - ¢ + [l . ' - . ' ] . '
a - ' r ' a a - . ’ 1 - a - . 1 1 r ' a - . ' ¢ . - . a - . 1 .
- o - - L] o - L) o L] o - - - - - o - - - L} o L] L] - - L}
g . a d . - - . & . r ' ' . - - a . - - . . '
b . . - a r d d ' . d 1 ' . - ] * d . . ' d d d r - .
- ' a - . . + ] . . a - = - ' a a a Al . r . a . . . = 1 . L a a
' [l & . r . [l ] ' [l b " . . . & [l r . . ' ] - r
- ' 1 ¢ r - - ] ’ - [ + [l [l r - . [l 1 1 . - ¢ [l [l
' . . - - ' ' a a ' Ll a . ’ . - v - ' a - ' ' . ' a a . Al - - .
- " L) - - L] - - o - L) L] L] - - L) L) - L} L] - o - L) - L] L] L] o - L) -
- . - - r - d . . d d - . - . * . - 1 d d . r . '
a - f f ' a . . . f . . . a - f . . ' a a . f " ' . . ' a . . .
' . . - - . ' ' ' 4 - ' ' . . . - . r ' . . . . ’ ' ' a . . - .
- 1 [l - - . - ] * - ] * [l ¢ - - . [l 1 - - - r * ¢
- a - a - . . a 4 . a a . r a - . - 1 a . . a a r a
. - . " . ' . - f . ' - a a - " . ' a . - . f . . r a a
+ - - - - + 1 ¢ . ' 1 d - - - + + . - - ' v 1 d ¢ - . .
a a - . a a . - a . . - a a . . a . . - . . a a - - a - .
. a . . - r - a a . - a . . - . . . . a a - . - ' a a a - - . a
a ' 4 " . a a r - r - r a - 4 d " a a - - 4 . - . r ' ' . . "
a . - a - - ' . a . . . a a . - - . . . . - a - a . . . a - -
. a a . - . . . a - - . . - - a a a . . a a . a - . - . - a
- - . r . - a a - a a a a . . r r . - - - a ' a ' a a - - a r -
a a . a a . - - . - a - . . ' a a - - . . a . - - a - . .
- a - - . - . . . a . - . a - - a a a a . . a . a
. a a . ' . . . a . . r & a a . - . ' . . . - . . . . - a - - .
r . - i - a r ' . a a . a . a - - - r ' . - a a a ' a . ' a - .
' a 1 - F . a - - ' . - . . . - a . . r ' a . r .
a . - . a ' il . . a . - - . ' . & . . . ' a . - -
- . d d r . - . ] + . - ’ ¥ d d - . - ' d ] . . . - ¢ d .
- . . - - - a a a ' 1 a a . . . [ . ' a - - ' 1 ' a a a - ' r "
- - - - L} L] - - o - L] - - o - 1 - L} L] - o - - - L] L] - o - - -
- . . - . - . . . . [l . r ' - r . r r 1 . . r '
. ' a - : . + . . . a . = - ' a a a Al . - . a . . . = ' - L a a
- - L ] L] a - - ' - Ll L] - ' - L ] L ] - Ll - ' L ] e L ] - ' ' - L} L] - Ll
- . d - -+ . ' . - - r - d . r - ' d d - - . . * .
- . , d - . 1 d - . ] L 1 - . - d - . . ' 1 L 1
a . a a - . - f ' . ' . f a ' ' a a - . . ' a . . _ f . . r a a
-+ . - - r + d d . d d -+ . - . * . - 1 d d ¢ r . .
a - . . a a " r a a - a - . . ' " r - . - a - r a - .
. - . . . r . a a ' . a a . . ' ' . . a a . ' 4 ' a a a - . ' '
' - 1 - r ' * . . . r ' ' 1 1 . . ’ ' - . 1 . a . - ' . 1 . .
- - . . . a . - - - . o -
I
= - -

i - . H L B 1 L L1

S 10,392,009 B2




U.S. Patent Aug. 27,2019 Sheet 6 of 9 US 10,392,009 B2

FiG. 7

A 4 4 A d_d Al d Al 44

4 4 4 4 4 4 4 4 4 4

- n

. e

- il:il:} x:a:a:a:a:a:n:a:a:a:a::

- A A A A

-y H:I:l AL

- N i i

- o g,

- o g P M g gy Mg

- I I i i i i

- o e e e e e e e e P

- o e e M M M N

i P R A L A
. A I

h W ’x!xxx’x’xxxﬂxxxx:ﬂ:x

N L

. 0

.

-

-

-

s v I.H.I.ldlﬂldlﬂlﬂlﬂlﬂlﬂlﬂ F '.'H'."
.'HI‘III-IIIHH"H"HHH"H"H' L ]
I-Ixﬂxﬂxﬂxﬂxil!‘lil!

x - -.
L ]
: 0
A
A_A I- H?dx?d"?l
A_A o M M
Rt wetatets
il:il:il:il:il:l ) "' :.: it
A e
S Coheet
HH:I:I:I:I:H :H:H:H:I:I:I:I
A A
ey oy,
g sttt e,
| L] I.I.II.I AN _A_A A M A AWM
- v ot
L el ey
'-i . .. MA N NN NN N :.l. H"H"Hl?llﬂ-ll
2 e e e ot ok,
: e e P
" e

~
e
gk b e
AAA A A A AN A N
o,

s

N N NN )
N M NN
PN )

x
s

)

L)

N )

4

4 rrrrrrrrrrrErEr

i
o g
X
i
o e e R

T =

m_m_m A
> 'a:x:r-::a'ax

e
X

i,

Al A A d A A

A 4 4 4 4 4 4 4 4 4
F ke F iFF ¥ ¥ ir ki r FF

.
Ll
-
o
i aAAn .
P i i
i o "
Vi e i
- i I i A O O I i i
x o Ll L
- o
N Vi i i i i i
- R i i i i i i i e A
i i e i o o
- L g g™
i i i i o L,
- o oo e g P o
g
- o L e el R, e e g g P P
o ol o, ot g o
- e I e e e ae e o
o ol L L R e el R L
- o P TP
N N N
- e N
ol o e e o o e e oo e oy
- R
T I
P R R R »
N R B ot o o ol s
e e e e e e e Ty
- N NN Rk e e ey »
T AU
- MM AT LA e
L] ll‘lbbbl"- Fhy F FFFFT -

RV



U.S. Patent Aug. 27,2019 Sheet 7 of 9 US 10,392,009 B2

FIG. 8

i

b - ] ,
- P - N
. P F W
‘";Hﬂ;ﬂ:ﬂ:ﬂ:ﬂ:ﬂ ;l:x:p:p:x:x:p:r:p:p:r:p’p:r;
E I i E i e
A A A A A A A AN A E ., . . . . . . . . . . . .
AN A A AN N N I N
i i i i i R R
E i i i i
N N NN NN Mo g A A M A W ' .
M A N A AN X MM F F A LI
AL A A A A AN N N A b ] A F ] '
Ao A A A M A A A A Hd N H d
AL A M M A A M A M N N F E ] ]
M A AN A AN KA M Fd
A A A M A A A K N e E ]
AL A A N A M N A MM ] ] F
oM A A N A A N AN N N
Ao A A AN M N A A A A F
E I N N
H:H:H:ﬂ:ﬂ:ﬂ"ﬂ"ﬂ”ﬁ:ﬂ”ﬁ!’
'Hxﬂaﬂnﬂﬂﬂ - A
E A

e
M
|
oty
’ i | n
. A AL A L e
. A A A Al g | | A
A_A_A_AA A_A |
- o k] .
: ’ ":':':':':" rx:'a':': i i | :-: ’
Ei i i i N A A A A A A
. i i i i i i i i i i i R
. SR A A A A i i i
. iy i i i i i i i i T
'”x“x*x"a":"n"x“ axx: e e IE:H:H:I:H:I: xn::a:n:ﬂ:n:a:n:n:a:n:a S e e e
A 1 . i i i L A A
A A A A A K M N A e Mx A A AN A A A
e o ol . L i i el i i i i i
A A e e B i i ) Mo N M A A A A A A A M-
Ao e A . i A i i
A g e Mo A A * A e ol A A A A
a0 . L i i A A A A N A
i i . M A A AN + Ao MM A M A A A A
e o ol ol M . L i e e i i i i
i i i i M_A_A_n A ¥ Mo e A A A A AL A
i i i i dp i i A N M M A A N A
e e i i i i . . B i i * i i i i i
S i i i i L i i i i |
i I I i i i A_A A A + oA A A M M W A |
e e ae ol Ml e B i i e i i e i i |
AW e e W A A A A . . . . A + A A el WA |
A AL A M M W A A N i | i I i L, |
i i i iy i i i | ¥ A e e N v
L i . B i | W A e .
L i i . - + AR A A M M M oM A X A -
L i . e i i i
A N M A A A AN A ) o A e e e N A
o A A N M AN - . < S I i i i i
i i i i i il e RN . . . | A * A e el e i e e e
i i Ll | NN A A A AN i i A W A e e e AN
XA A A A A M A A A A AL A R A A A AR AN KA + TR T ML R R LA
A A A A A - . . | A A AL A A ] LA i i i i i i i . A
W | ] N MM A e e w A A A AR T A
A g F oA A ] L S i Ll i
A . W_A A A e el A e e A
| . ] AR A M M M M N M A A A
] . e el e e L]
A ] o A e e e N A AN A
. e W A AL A A e A_A ]
A . * A i i L i L i i .
S i iy AN e e AN ]
L]
o o A e M
A LA e e Ay
:u:n::u::u:xx:- " i
A

i
o
- :!Pr'-"rpr-!:r
. e ]
b
. M e A e
o ML P o oo
x e o A A A e K
P o o o o o g o e R R
2w b I NI
i A I I I I I I WO I, O I
o pr o R e e e R o
W W e ot L AL
i i b b e I I N i i
i oo o LA L  AL e
R L R T e e e g e e
o e A I i I I I I i
R R p R R L e e L e A e o
e W L o e
iy o o A, A I e
i i e o ot oot L L L L LR ool
AR o A e e A e e e e e oo e
N 0 XA O, i o Al AL e
A L R M e R R e e e e R R R e e e
e o o e o Ao o
iy i A T A N A
i e  a a o ol o L Al R R e
i N . A e e o e o e M
o e ad o o aa ot ol AL A L L L L AL AL e e e
L AL e e A R R e e oL L L e L L L e
. o gt e e L LA o e R
A i I L e L AL e e e .
LR LR ot e e e o L L L g
‘ T A e o o ot A e . o A A e e e )
'I 1] 1] 1] 1] 1] 1] 1] 1] 1] 1] 1] | Tl Tt "l Tl "t el el et | el Tl B Rt Rl Bl Bt Tl B Ml "l Tl Tl ‘ol ol Tl Bl Tl Rl ol ol Tl ot el Tt ] 1] L b -7 “""-H-"H"-H""-"-H-"-"-H-"-"-H-"x"xxxnxnxnnnn
) Y i i e i i i
. B i e i i i i i N
. e T W A
g e i
FIG- 9
;;-.?;.1;H;n:x:xﬂx:x:x:u:x:n:n:: :a:u:x:x:u:x: .y : : : : : .1;?1;?::?: H:H:H:M:x:x:n:x:x:r::r” * 3
. . . B BN i, i i i i A I I A A A e
. . . . . I . i i i I WA, O A i e
A L P e ot e R R o ap A o B R e e
. . . . . BN i I i I N N A I A oo
. . . YN I I i U 0 O, A A A
. . . . . e i iy o e e e
N L e e e e e A g
. . . . . A I I A O O o i W oo e a a
. . . o o LR R e e e e B A o e e A o R g e e
. . . . . L AL L e e e e B e e o o I I
I i U I A e R A A
. . . . . L L L e e e ae e e o
. . . A i I I I i A, o o Ao e e e
. . . AL e i e e e o e M o o e
o o o o e e e a e o R R R Ry
. . . L e g et e e d o e o M
. . . i i A i A a A
. . . o A e e Lo Y i I
W L e e e e e e o g g M
. . . LA e e . = e e e
- p_J p s e . . . . . P -
. . . n:n:x:n:n:n:n:n:x:x::e:r-"' ol ~: :.'-P ' - e :;-: o ::H:r: |
O . ':x:xxx:x:x:n:x:x:x}”ﬂ! o o T N o ':!:vnxnxn’
x'?!x?! 'H"?! Hx?ﬂxﬁ;:?‘! 'l"" R A A A ] " - e "
. PP e » i
o o e
. a a
. . o
. 1-:

MR AR A A
g A A

L I L
Al "-'H.H.n:‘u.u. Al A A
A, MM

......'l'l'l'l'l
LI B B
P NCHC

W WY Yy gy

|
EI
W W W

: ) . L N d Al 3 J 'LT"T""T'I'T"‘\II-lIuI-.lI 1 I'-l
_ AN L SR A R AN

il:il:il:il:il il:il
i N i i i i .
e s A
i i
e e LT,

atettotate!

a ..
'l?'
Al

e . ]
-
|

k]

e anna.nla.h P i :

N i :l':l"a"n: . . . . . . . . . N I i e -.1;_.1;.11;1- :n :n 1- 1-' '1- W
: O - e e
o . | A A amn lhl':l:‘ M

:. - oot 1::|:|| ": -':":'x}nh}x":":ﬂx":"

. . A "n"a: e i gty g

! R - 1?.;"

. . S T

. T . <A

b
i
e

' K]

AL At

AKX E =R
] ]

P
-, [ ¥ W ¥ W
-h-h !xﬂ..‘_ﬂ.‘_ﬂ.‘_. g - H.ﬁu-ﬂu.ﬂ.
MM X MM N MEA
|

O i T A
H.I.Ig.- i e E IR R T gt e e A "
L oo BRSPS "
o ol Al i B TN T i |
d AL AN AN AR A R e e T
PR L L L L L L ML e T e e e
XA AN AN AN AR o o

:a*ﬂ"ﬂ"ﬂ"ﬂxa"a*nxnxaxxx:-.; "

-n::l::l:q:a:a: xi:ﬂ:ﬂ:ﬂ:p. :.- :- :- -.- w

SRR

Ml IIIIIII-II-?!"I!: BRI
. L G
T
. i
e g g e
M AL A N A A A R L
ri'!p?!;-!p?‘!p!'!: ) -:H:?!:?! : o
- v’r’r’r’rrr’ .’:-:;.1-:* 3 N x‘xﬂxﬂx ’ [
e W b iy i e
. . R A 2 2
. e o e P e e o .
. . e T X
A e a e L *
. . o e o 2 oy 2
. o e m a a a o |
. . R B i i e
N e N L X w
. . I I N N W AAA | o NN
. i i . ; ’ A | A M A M X
. . . i I N I i) . / | MM A
i i i o T L o A i N i
. T . e gy g P P . e e e "x: "I:I"l"l"l"l"l"u"h
. . . i I I L e A B T e e R ; P A | I
N e e i e ) CCRCaC . PR I e e . o » o i B i e R
. . . I i i N gy NN ¥ | I e i e g
: ’ : e o o i o ae A " Wortie A AR '..\"\'H""‘\""":\':":":-\:n “"':}"l.":" vew. e e g g B A M, P '
i i i o e i e i a d aea a d ) : B R R A R R T e i A o w A A A A A A AL A
. . . I I I N I i i i
. . . e i e N R ) . i i i e R
. . . A A N
e e e e L I i i i
. . . U O I I i ) A A A A A A A A A A
. . . i e N R L i i i i i i
. . . I N I ' ' . . B e
i e i ) Vo A A A A A A A A A A
. . . e i i L i i i i o o i i i i i i
. . . i N i R e LT T . T . T . LT T . T . L i i i i i i i i i i
. . . Er i e i i L e oo M oA A A N M A A A N A A MMM NN MMNMNMMMM
i i i e R Ll i i i i i i i i i i
. . . A A A A A M A A A AN MO N N A s T i i e i e i
. . . i N i i ) P LT T . T . T . LT T . T . T . o a a A A A
. . . e e i i i o i i i i g
A A A A A A A A A N L] A A A A A A A A
. . . . . oA oA A A M M AN MM MMM MM N M g g . sl ') oA A A A M A A NN MMM MNMMN N WM -
. . . L | A M A M A M A M AN MM NN NN g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . rT A A A A A A A MNAMAMNMMNMNNN
A ) LA
. . . . . . TrMA _-'I-ﬂaﬂlﬂﬂﬂnﬂxﬂnﬂxﬂxﬂxﬂxﬂx\l e e e e e e e e e e e e e e e e s e s e .‘\'-'ll_-'q-q-;'ﬂ-n"n"ﬂxn"ﬂxgnv&.'ﬁ



US 10,392,009 B2

Sheet 8 of 9

Aug. 27, 2019

U.S. Patent

oA i
A M

i i
i
-

- M

i)

M N M MM,

:x”xxn"xxxgxﬂ'

F
)
Hd

L]

A,

]

N R

]

A

]
A AEE NN W N

T

b

>

...‘ .
.'- .

....-.‘-...‘..r‘ e

FiG. 11

R N N |
...aaxx.._.x“a”a“n“a“n“n
A R A
N
A
R
o
2
o
AR
N
IR TP
R
oo o o o o r.x T
“a A I N
A o, A U 0 I
e A A rrvrxrxrxrrrxrrrxrxx TR R A A
A AR e A A A
i R i
A e e
A O,
AR A R e e
L I
A
x A A A AR A R
A e o o e R R
i FE A o
o e e o
x R i
O A,
X A R R e
r”nn A A nxnxr.xxxnnn”n”x”r
x ; A
O A
. x a A
A 2
rr.”x .r.”r.r
A g
X
x

h_]
H

F!HF!

W

Y
E
A
o i
.u. Ed .rrxrxrxrxrxrv oo a
B o e e e e x
i
! . “ Hxnxnxnnnxnnnxna“xwrnx”xn xnxnnnxa o x”v
k) k) e R A o i o
- o e A A A A o A o A
.xxnnaxxxxx.rr.. s XX R XX N N . y i
) ...n“nHxHaHxHon“onHx”rHrHr”xHxHx”xH X .rrrxnanaaananaaananaaananaaaﬂxr r i u x ”xﬂ
S e e e e e e e A A A A R R i
R N x X !
- e e e e e __. a__... L)
M e e A M A MK Ea)
P "
SR e A A W A A A
D
A A
i
A, I
A e e e e e e e e e e
o e e a a A A A R R A A AN
e wa a a aa  a
A A A
i
ERON KA A ALK KRN A KA,
.“xnxurnr”rrn r”rrrvr”runna”r”nﬂnwnﬂnn N
ol Vi A i o
A e A A R e e a a R R R R R A AN
" PP P PP A N
e o e e a a Sad a a aa a Ma
g o o o ot e e P
B A A R
e e e ad e aa  A  A
rr:.xxxannxnxaxnanxnnnxnnaxnn AN

n
oM e A A AN R N XN
u.. Hﬂxﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂxl IHII

",
'I'

2
|

M
K E A X XX N NN
IIIIIIIIFHHHHHHHHHU H.H.’.v

A

)
W
e

b

M
”:-
F

Eo i,

A A r.rr..r. ol i
v. 2~ vrxnrxxxrnxnrxxnxnxx ol

Fo
x
F
]

W
o
W
i
W
FY
M
H
F
M
H
F
M
H
F
Y
W

-
;.-”
k.
)
.
-
F
A
-
-
.
)
]
)
)
)
.
-
F
ol
o
M

o,
F
L,
o,
F
L,
F
L,
)

)
£
e
)
£
e
)
£
e
)
£
e
i

W
FY
]
k]
k]
F
]
k]
k]
k]
Y
x
]
H

FF.PHFPFFPFFHF”H.
FPFFHJHPHJHFHH F HIFH
2

»
e
g
)
X
o,
F
P,
o,
F
X
F
F

F
x
b
Al

A N e i i
vrr.r“r”rﬂnﬂxnnﬂxﬂn AN x”r a
o o o g g P P Pl P
Ll ol i
AR AR e e NN M
Lol M N i
A .r.xnxxnr.”x”x”xx v.u..
.Px”xnnnn”v.”v.wv.rv
AR A A

A
X
o

F
‘2
xR
‘e
o

e
‘IF'!
EY)

i

'




US 10,392,009 B2

Sheet 9 of 9

Aug. 27, 2019

U.S. Patent

FIG. 12

q--l--l-q-q--i"-_.r"

TERIENS

RES

RS Shat Sk

AT SIDE

Tmgulin,-
| W
L

l:.-v-
e

W
. L
&
prd
144
)
g
L
0.

vEHICLE

LIRA

PASSENGER SEAT SHiE

13
&
3
7
155
e

e
o
T
i
wr®

r...-.l
i g A

VERICLE

F1G. 13

PASSENGER SEAT SIOE
VERICLE

..r.J. . A A, ..t.

T il el [

o - e o™ , ..I.._....l..l ....-.J.h.ﬁ.”ﬁ,.rql.__ﬁ-. ., I.l,.rlln-. T kg .
; . ._Il”. .m#‘“. ..l..l\..-ﬂﬂ. T .__—_.‘:t—...tJtJ._...JI - - ,.l.f'...l.......a”!.“}“.l.l.\h“

.‘H‘-
rul

RENCE SPACED DISTANCE

R'S SEAT SIDE

(| .
HH HH
11 .
it u_.L
v
x
it
{34 -

PR S S UL S DU DI I S SI VUL VI SU VI VI UEF VI S S SU DU SN DI SIS S SE UIL SE VI SI SN VI SU SIL VI SUF DU S S DU DU SN DI SUN SN DU DU SIL SE S SI SN S SU SIN VI SUF DU S S SU DU SE NI DU S SR S S o

Vi HiCLE

g - : e :
e . - T I..__.n....-._-..l - .-.1!...-.“..-.-.....-.....1.-.1“.“.“1.._. ......_..-_.._-_..U-..l .l-lu.
l..-...l..l l.l._-_.l..l.lfl.f-. 11111111 .Tl.fl.-l.ll R
g ¢ : \
] n_. 1 _L _m M
' : ! ] 4
¥ x i ' : \
.+ r ] .- ¢ !
L] ”_. [ '
\ : S -
-N.......,lr}_r .-. ..r-...tl . . . . .“ L-- H
" ey e A o dy
l... .__..._-_.n. .-__.l,l Il-.l....rf .......... - .l..-...-u.-l..I.I..IJ...I....-_. .-.l. FEXE] ..-_..l-....f Lt l_..._...l.__.l._-l.l.u.}.n .h_.-_
r..l_.r._!JI - ]‘.]f]f.ﬁ]r..li..:.ﬂ...i..i.-)flf].?..rrlrl. | -




US 10,392,009 B2

1

AUTOMATIC PARKING SYSTEM AND
AUTOMATIC PARKING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation-in-part (CIP) of U.S.
patent application Ser. No. 14/935,984, filed on Sep. 11,
20135, and claims under 35 U.S.C. § 119(a) the benefit of
Korean Patent Application No. 10-2015-0114025 and
10-2016-0184300, filed on Aug. 12, 2015 and Dec. 30, 2016,
respectively, the entire contents of which are incorporated
herein by reference.

BACKGROUND

Field of the Invention

The present invention relates to automatic parking, and
more particularly, to an automatic parking system and an
automatic parking method that use detection of a parking
area.

Description of the Related Art

An automatic parking system is a system that enables a
driver to conveniently park a vehicle by determining a
position of an obstacle using a camera or an ultrasonic
sensor attached to a rear portion of the vehicle, and selecting
parallel parking or perpendicular parking, then the automatic
parking system performs a predetermined operation.

In particular, for an automatic parking system using a
camera or other imaging device, 1n response to receive a
driver selection of a parking position while checking a rear
visual field through a monitor, the automatic parking system
automatically operates a steering wheel of the vehicle using
a sensor value, thereby safely parking the vehicle. Further,
a parking area may be set in advance using the camera and
a sensor, and the automatic parking system performs auto-
matic parking using data obtained by the camera and the
sensor. The camera may sense a front area, a rear area, and
a side area and be implemented by around view monitoring
(AVM). In general, the AVM system provides only the
function of displaying images around the vehicle to a driver,
and thus, the driver 1s required to determine a parking
condition from the 1images provided by the AVM system.

SUMMARY

An object of the present invention 1s to provide an
automatic parking system that performs automatic parking
by setting an optimal parking area using a sensor, and an
automatic parking method.

Another object of the present invention 1s to provide an
automatic parking system that obtains an 1mage around a
vehicle using a plurality of imaging devices installed 1n the
vehicle, converts the obtained 1mage to recognize an avail-
able parking area, and provides a driver with a moving path
that corresponds to the parking area, and an automatic
parking method.

Still another object of the present invention 1s to provide
an automatic parking system and an automatic parking
system capable of remotely performing an automatic park-
ing mode to adjust a spaced distance between a subject
vehicle and vehicles parked on both sides of the subject
vehicle to provide convenience when exiting the vehicle.

Other objects and advantages of the present imvention
may be understood by the following description, and
become apparent with reference to the exemplary embodi-
ments of the present mvention. Also, 1t 1s obvious to those
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2

skilled 1n the art to which the present invention pertains that
the objects and advantages of the present invention may be
realized by the means as claimed and combinations thereof.

According to an aspect of the claimed invention, an
automatic parking system may include: a camera processor
configured to acquire 1images around a subject vehicle, and
convert the acquired 1mages into external images and syn-
thesize the external 1images; a sensor processor configured to
measure spaced distances between the subject vehicle and
surrounding vehicles; a parking space recognizing unit con-
figured to periodically receive the spaced distances and the
external 1images and sequentially compare the consecutive
external 1mages with the spaced distances using an image
recognition technology to recognize parking areas; and a
controller configured to calculate a moving path between a
current position of the subject vehicle and an optimal
parking area among the parking areas and operate the
subject vehicle based on the moving path, in which the
parking space recognizing unit may be configured to detect
the parking areas based on a length and a width of the subject
vehicle.

The parking space recognizing unit may be configured to
extract feature points of the consecutive 1images using the
image recognition technology, match the feature points of
the two consecutive images, delete mismatched feature
points, and match valid feature points to recognize the
parking areas. The controller may be configured to operate
the subject vehicle to prevent the subject vehicle from
colliding with obstacles using data acquired by the sensor
processor and the camera processor, while the subject
vehicle travels along the moving path.

The sensor processor may be configured to sense spaced
distances between the surrounding vehicles positioned at a
side of the subject vehicle 1n the optimal parking area and
the controller may be configured to operate the subject
vehicle to adjust a first spaced distance from a passenger seat
side vehicle positioned on a passenger seat side of the
subject vehicle to be a predetermined reference distance
based on the space distances. The controller may further be
configured to adjust the first spaced distance to be the
reference distance when the first spaced distance is less than
the reference distance and then determine whether a second
spaced distance between the subject vehicle and a driver’s
seat s1de vehicle positioned on the driver’s seat of the subject
vehicle 1s equal to or greater than the reference distance.

Additionally, the controller may be configured to operate
the subject vehicle to adjust the second spaced distance to be
the reference distance when the second spaced distance 1s
equal to or greater than the reference distance. The controller
may be configured to operate the subject vehicle to adjust the
second spaced distance to be a predetermined minimum
spaced distance when the second spaced distance 1s less than
the reference distance. The minimum spaced distance may
be set to be a distance between a main lane positioned
between the subject vehicle and the driver’s seat side vehicle
and the subject vehicle.

The controller may be configured to determine whether a
second spaced distance between the subject vehicle and a
driver’s seat side vehicle positioned on the driver’s seat side
ol the subject vehicle 1s equal to or greater than a predeter-
mined critical distance when the first spaced distance 1s less
than the reference distance and the critical distance may be
set to be a value obtained by adding a predetermined
minimum spaced distance to a moving distance of the first
spaced distance to adjust the first spaced distance to the
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reference distance. The sensor processor may be configured
to detect surrounding parking around the optimal parking
area and a parking line.

The automatic parking system may further include a
display controller configured to output a noftification to a
driver regarding the parking areas, in which the controller
may be configured to operate the vehicle to be driven 1n the
optimal parking area selected by the driver. The controller
may be configured to adjust steering, acceleration, brake,
gear shift, and parking brake of the subject vehicle. The
external 1mage may be a top view i1mage of the subject
vehicle viewed from a top of the subject vehicle.

According to another aspect of the present invention, an
automatic parking method for automatically parking a sub-
ject vehicle may include: setting the automatic parking
mode; detecting parking areas using external images around
the subject vehicle, spaced distances between the subject
vehicle and surrounding vehicles, and a length and a width
of the subject vehicle; selecting an optimal parking area
among the parking areas; and automatically parking the
subject vehicle 1n the optimal parking area, 1n which 1n the
detecting of the parking areas, the parking areas may be
recognized by sequentially comparing the consecutive exter-
nal 1mages with the spaced distances using an image rec-
ognition technology.

The automatic parking method may further include: ter-
minating the automatic parking mode, aiter the automati-
cally parking of the subject vehicle, 1n which the terminating
of the automatic parking mode may be performed by turning
ofl an automatic parking mode switch or shifting a gear to
parking. In addition, when an automatic parking mode
switch 1s turned off or a gear 1s shifted to parking, the
automatic parking mode may be terminated. When any one
of gear shift, steering change, and brake operation 1s per-
formed, the automatic parking mode may be stopped.

The spaced distances may include a first spaced distance
between the subject vehicle and a passenger seat side vehicle
positioned on a passenger side of the subject vehicle and a
second spaced distance between the subject vehicle and a

driver’s seat side vehicle positioned on the driver’s seat of

the subject vehicle and 1n the automatically parking of the
subject vehicle, the subject vehicle may be operated to adjust
the first spaced distance and the second spaced distance to be
a predetermined reference distance. The detecting of the
parking areas may include: extracting feature points of the
consecutive 1mages using the image recognition technology:;
deleting mismatched feature points by matching the feature
points of the two consecutive images; and matching images
based on valid feature points.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and other advan-
tages of the present invention will be more clearly under-
stood from the following detailed description taken in con-
junction with the accompanying drawings, in which:

FIG. 1 1s a diagram showing components of an automatic

10

15

20

25

30

35

40

45

50

55

parking system according to an exemplary embodiment of 60

the present invention;
FI1G. 2 1s a flowchart showing a sequence of an automatic

parking method according to an exemplary embodiment of

the present invention;

FIG. 3 1s a diagram showing a parking area at the time of 65

parallel parking according to an exemplary embodiment of

the present invention;

4

FIG. 4 1s a diagram showing a parking area in which there
1s a parking line at the time of parallel parking according to

an exemplary embodiment of the present invention;

FIG. 5 1s a diagram showing a parking area at the time of
perpendicular parking according to an exemplary embodi-
ment of the present invention;

FIG. 6 1s a diagram showing a parking area in which there
1s a parking line at the time of perpendicular parking
according to an exemplary embodiment of the present
invention;

FIG. 7 1s a diagram showing an image of a top view
format obtained by being converted and synthesized by
virtual camera modeling according to an exemplary embodi-
ment of the present invention;

FIGS. 8 to 11 are diagrams showing a process of recog-
nizing a parking area ol a parking space recognizing unit
according to an exemplary embodiment of the present
imnvention;

FIG. 12 1s a diagram 1llustrating adjustment of a spaced
distance at the time of automatic parking according to a
second exemplary embodiment of the present invention; and

FIG. 13 1s a diagram illustrating the adjustment of the
spaced distance at the time of the automatic parking accord-
ing to the second exemplary embodiment of the present
invention.

DETAILED DESCRIPTION

It 1s understood that the term *““vehicle” or “vehicular” or
other similar term as used heremn 1s inclusive of motor
vehicles 1 general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various com-
mercial vehicles, watercrait including a varnety of boats and
ships, aircrait, and the like, and includes hybrid vehicles,
clectric vehicles, combustion, plug-in hybrid electric
vehicles, hydrogen-powered vehicles and other alternative
tuel vehicles (e.g. fuels derived from resources other than
petroleum).

Although exemplary embodiment 1s described as using a
plurality of units to perform the exemplary process, it 1s
understood that the exemplary processes may also be per-
formed by one or plurality of modules. Additionally, 1t 1s
understood that the term controller/control unit refers to a
hardware device that includes a memory and a processor.
The memory 1s configured to store the modules and the
processor 1s specifically configured to execute said modules
to perform one or more processes which are described
further below.

Furthermore, control logic of the present invention may
be embodied as non-transitory computer readable media on
a computer readable medium contaiming executable program
instructions executed by a processor, controller/control unit
or the like. Examples of the computer readable mediums
include, but are not limited to, ROM, RAM, compact disc
(CD)-ROMs, magnetic tapes, floppy disks, flash drives,
smart cards and optical data storage devices. The computer
readable recording medium can also be distributed 1n net-
work coupled computer systems so that the computer read-
able media 1s stored and executed 1n a distributed fashion,
¢.g., by a telematics server or a Controller Area Network
(CAN).

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are itended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises” and/or
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“comprising,” when used 1n this specification, specity the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof. As
used herein, the term “and/or’” includes any and all combi-
nations of one or more of the associated listed 1tems.

Unless specifically stated or obvious from context, as
used herein, the term “about™ 1s understood as within a range
of normal tolerance 1n the art, for example within 2 standard
deviations of the mean. “About” can be understood as within
10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.1%.,
0.05%, or 0.01% of the stated value. Unless otherwise clear
from the context, all numerical values provided herein are
modified by the term “about.”

Hereinafter, exemplary embodiments of the present
invention will be described in detail with reference to the
accompanying drawings so that those skilled in the art may
casily practice the present invention. However, the present
invention may be implemented in various different forms
and 1s not limited to the exemplary embodiments provided
in the present description.

Portions unrelated to the description are omitted to obvi-
ously describe the present mvention, and components that
are the same as or similar to each other will be denoted by
the same reference numerals throughout the specification A
case 1n which any one part 1s “connected” with the other part
includes a case in which the parts are “directly connected”
with each other and a case 1n which the parts are “clectrically
connected” with each other with other elements interposed
therebetween.

When 1t 1s described that any one part 1s “on” the other
part, it may mean that the part 1s directly on the other part
or any other part 1s iterposed therebetween. On the con-
trary, when 1t 1s described that any one part 1s “directly on”
the other part, there 1s no other part interposed therebetween.
Terms “first”, “second”, “third”, and the like are used to
describe various parts, components, areas, layers, and/or
sections, but are not limited thereto. These terms are used
only to distinguish one part, component, area, layer, or
section from another part, component, area, layer, or section.
Accordingly, a first part, a first component, a first area, a first
layer, or a first section to be described below may indicate
a second part, a second component, a second area, a second
layer, or a second section without departing from the scope
of the present invention.

Technical terms used herein are merely to describe a
specific exemplary embodiment, but are not intended to
limit the present invention. Terms “below”, “above™, and the
like 1indicating a relative space may be used to more easily
describe a relationship between one part with another part
illustrated 1 the drawings. These terms are intended to
include other meanings or operations of a device that is
being used, 1n addition to meanings intended i the draw-
ings. For example, when the device in the drawing 1is
inverted, any part described as being “below” other parts
may be described as being “above’ the other parts. There-
fore, the exemplary term “below™ includes both of an upper
direction and a lower direction. The device may rotate by
90° or other angles, and the terms 1indicating a relative space
are interpreted according thereto.

Although not defined otherwise, all terms 1including tech-
nical terms and scientific terms used herein have the same
meanings as those generally understood by a person having,
ordinary knowledge 1n the art to which the present invention
pertains. Terms defined in a dictionary generally used are
additionally interpreted as having a meaning consistent with

10

15

20

25

30

35

40

45

50

55

60

65

6

the related art documents and contents currently disclosed,
and unless defined otherwise, are not interpreted as having
an 1deal or very oflicial meamng.

Hereinafter, exemplary embodiments of the present
invention will be described 1n detail with reference to the
accompanying drawings so as to be easily practiced by a
person having ordinary knowledge in the art to which the
present invention pertains. However, the present invention
may be implemented 1n various different forms and is not
limited to the exemplary embodiments provided in the
present description.

FIG. 1 1s a diagram showing components of an automatic
parking system according to an exemplary embodiment of
the present invention. Referring to FIG. 1, the automatic
parking system 1 may include a sensor unit 100, a parking
space recognizing unit 150, a controller 200, and a driving,
unmit 300. The controller 200 may be configured to operate
the other components of the parking system 1. The data
acquired by the sensor unit 100 may be transmitted to the
parking space recognmizing unit 150 and the controller 200
and the parking space recognizing unit 150 may be config-
ured to calculate the data acquired by the sensor unit 100.
The controller 200 may be configured to operate the driving
umt 300 to park the subject vehicle in the parking area
calculated by the parking space recognizing unit 150.

The sensor unit 100 may include a camera processor 110,
a Lidar processor 120, and a radar processor 130. The
camera processor 110 may be configured to sense a front
area, a rear area, and/or a side area of a subject vehicle, and
transmit data obtained therethrough to the controller (e.g., an
clectronic control unit ECU level). The camera processor
110 may include an 1image sensor, an 1mage processor, and
a camera motor control unit (MCU). For example, the image
sensor may be configured to sense an 1image of a subject
photographed through a lens, the 1image processor may be
configured to recerve the sensed data from the 1mage sensor
and process the received data, and the camera MCU may be
configured to receive the processed data from the image
Processor.

For example, the camera processor 110 may include an
around view monitoring (AVM) system. The AVM may be
implemented by installing a plurality of camera devices for
photographing the periphery of the vehicle and acquiring
images 1n all directions of the vehicle. The AVM provides
the driver with the 1mages photographed through the plu-
rality of camera devices, thereby securing a field of vision
around the subject vehicle and eliminating blind spots.

As another example, the camera processor 110 may be
configured to acquire data regarding a preceding vehicle, a
torward lane, a preceding cyclist, a traflic sign, active high
beam control (AHB), wheel detection (e.g., data to more
rapidly recognize another vehicle through vehicle wheel
recognition with respect to a close cut-in vehicle that comes
into a field-of-view (FOV) of a camera), a trailic light, road
marking (e.g., arrow on road), vehicle detection (VD) at any
angle (e.g., data for recognizing a vehicle with respect to all
driving directions or angles of the preceding vehicle), road
profile (e.g., data for mmproving riding quality through
suspension control by recognizing a shape of forward road
(unevenness, a speed bump, or a groove)), semantic iree
space (e.g., boundary labeling), a general object (neighbor-
ing vehicle, etc.), advanced path planning (e.g., data for
predicting a vehicle driving path by deep learning through
surrounding environment even on a road without lane or a
contaminated road), odometry (e.g., data for combination
with recognition information of global positioning system
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(GPS) by recognizing a landmark on a driving road), a
parking line and an interval between vehicles for parking,
etc.

The Lidar processor 120 may be connected to a Lidar
device which 1s a sensor, and the Lidar device may be
configured to sense a front area, a rear area, and a side area
of the vehicle. The Lidar device may be configured of a laser
transmission module, a laser detection module, a signal
collection and processing module, and a data transmission
and reception module, and as a light source of a laser, laser
light sources with a wavelength 1n a wavelength range of
about 250 nm to 11 um or with variable wavelength may be
used. Further, the Lidar device may be classified 1nto a time
of tlight (TOP) type and a phase shift type according to a
signal modulation scheme.

The radar processor 130 may be connected to a radar
device which 1s a sensor configured to sense an object 1n the
front area, the rear area, and the side area of the vehicle. The
radar device may be a sensor device using an electromag-
netic wave to measure a distance, a speed, or and angle of
an object. When using the radar device, 1t may be possible
to sense an object within about 150 m in a horizontal angle
range of about 30 degrees using a scheme of a frequency
modulation carrier wave (FMCW), or a pulse carrier. The
radar processor 130 may be configured to process data
sensed and output by the radar device, and this processing
may include magnification of the sensed forward object and
focusing on an area of the object in the entire view area.

The Lidar processor 120 and the radar processor 130 may
be configured to measure a spaced distance between the
subject vehicle and the surrounding vehicles or obstacles
while the subject vehicle 1s being driven and parked and may
be configured to transmit data regarding the spaced distance
to the controller 200. The controller 200 may then be
configured to prevent a potential collision between the
subject vehicle and the obstacles or surrounding vehicles
based on the data regarding the spaced distance.

The parking space recognizing unit 150 may be config-
ured to recognize the parking areas i which the subject
vehicle may be parked by recerving the images and the data
regarding the spaced distance obtained using the sensor unit
100 including the camera processor 110. The parking space
recognizing unit 150 may further be configured to recognize
the parking space and detect a vehicle trajectory by com-
paring two consecutive images from the images periodically
input. The data regarding the spaced distance between the
subject vehicle and the surrounding vehicles (or obstacles)
acquired using the Lidar processor 120 and the Radar
processor 130 may help the parking space recognizing unit
150 to recognize and calculate the parking areas.

The controller 200 may be an electronic control umt
(ECU), and may be an upper controller configured to operate
multiple electronic devices used within a vehicle. For
example, the controller 200 may be configured to operate all
ol processors belonging to the processor level and control-
lers belonging to the controller level. The controller 200 may
be configured to receive sensing data from the processors,
generate a control command to operate a controller 1n
consideration of circumstances, and transmit the control
command to the controllers. In the present specification, for
convenience ol explanation, the ECU level 1s described as a
higher level than the processor level, however, there may be
a case 1 which one of the processors belonging to the
processor level operates as an ECU, or a case 1n which two
processors are combined to operate as an ECU.

Furthermore, the driving unit 300 may include a display
controller, a steering controller, a drive controller, a brake
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controller, a gear controller, and the like. Each of the
controllers may be configured to operate components of a
vehicle based on the control command received from the
controller 200. In particular, the display controller may be
configured to provide the driver with information regarding
a specific situation or output a warning regarding a danger-
ous situation. The display controller may be configured to
generate an audio signal, a video signal, or a haptic signal for
providing a warning of driving situation of the vehicle and
dangerous situation. For example, the display controller may
be configured to output a situation explanation and a warn-
ing sound in an audio, and output a message visually
regarding the situation or a warning message through a head
up (HUD) display or a side mirror display. Alternatively, the
display controller may be configured to operate a vibration
motor mounted 1n a handle to generate warning vibration.

The steering controller may be configured to operate a
motor driving power steering (MDPS) system driving a
steering wheel. For example, when a collision risk of the
vehicle 1s detected, the steering controller may be configured
to adjust a steering of the vehicle 1n a direction 1n which the
collision may be avoided or a damage may be minimized.
The driving controller may be configured to perform decel-
eration, acceleration, on/ofl of an engine to drive the vehicle.
For example, the driving controller may be configured to
decelerate the vehicle when the collision risk 1s detected
while the vehicle 1s being driven, and turn the engine on or
ofl at the start or end of the driving of the vehicle based on
the control command of the controller 200. The brake
controller may be configured to operate a brake of the
vehicle, and adjust an engagement amount of a brake pedal.
For example, when a front collision risk 1s detected, the
brake controller may be configured to automatically operate
an emergency brake based on the control command of the
controller 200 regardless of whether the driver operates the
brake.

Meanwhile, heremnabove, the processors, the ECUs, and
the controllers are described as independent components
with reference to the accompanying drawings, but 1t 1s to be
understood that the present mmvention i1s not necessarily
limited thereto. Two or more processors may be integrated
as one processor and may work in conjunction with each
other, two or more processors and an ECU may be integrated
as one device, two or more controllers may be integrated as
one controller and may work in conjunction with each other,
two or more controllers and an ECU may be integrated as
one device.

FIG. 2 1s a flowchart showing a sequence of an automatic
parking method according to an exemplary embodiment of
the present invention. The automatic parking system accord-
ing to an exemplary embodiment of the present mmvention
refers to a partially automated parking system (PAPS).

Referring to FIG. 2, the driver may set an automatic
parking mode provided 1n the vehicle. By setting the auto-
matic parking mode, a vehicle mode may be changed from
a standby mode to an active mode in which automatic
parking may be performed. A method of setting the auto-
matic parking mode may include a first type method in
which the driver executes the automatic parking mode while
remaining in the driver’s seat of the vehicle, and a second
type method 1 which the driver executes the automatic
parking mode extraneous to the vehicle or while remaining
in a seat other than the driver’s seat using a remote controller
(S10).

The sensor unit may be configured to sense the surround-
ing area ol the subject vehicle to calculate a plurality of
parking areas 1n which the subject vehicle may be parked.
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The sensor unit may further be configured to sense parking
lines, curbs disposed near the parking lines, an empty space
between surrounding vehicles, etc. The controller may then
be configured to calculate parking areas based on a length
and a width of the subject vehicle (520). The controller may
also be configured to display to the driver data on the
calculated parking areas using the display controller.

The driver may select a parking area that 1s determined as
an optimal parking area through a display device (e.g., an
input device on the display) or a separate switch within the
vehicle (the first type method), or may select a parking area
that 1s determined as an optimal parking area using a remote
controller (the second type method). In particular, the con-
troller may be configured to provide a recommendation to
the driver regarding a parking area that 1s determined as an
optimal parking area among the parking areas (530). When
an optimal parking area 1s determined, the controller may be
configured to calculate a moving path between a current
position and the optimal parking area. The controller may
turther be configured to drive the subject vehicle based on
the moving path, automatically drive the subject vehicle, and
operate the steering controller, the driving controller, the
brake controller, and the gear controller.

Particularly, the controller may be configured to operate
the subject vehicle at a speed of less than about 10 km/h, and
adjust deceleration or acceleration of the vehicle, gear
change, braking and parking braking, etc. The sensor unit
may be configured to sense a distance from an obstacle
during automatic parking of the subject vehicle, and the
controller may be configured to determine possibility of
collision based on the distance between the subject vehicle
and the obstacle and inform the driver of the determined
possibility. The sensor unit may include at least one of a
camera device configured to sense a distance between the
subject vehicle and an obstacle, a Lidar device, and a radar
device.

The driver may select whether to perform automatic
parking. When the driver selects the automatic parking, the
controller may be configured to automatically operate the
subject vehicle to park the subject vehicle in an optimal
parking area, and when the driver does not select the
automatic parking, the driver may directly or manually park
the subject vehicle in the optimal parking area. When the
driver turns oil an execution switch of the automatic parking
mode or shiits the gear to parking (P) during the automatic
parking, the subject vehicle may stop. Accordingly, the
controller may be configured to request the driver to select
whether to maintain the automatic parking mode through the
display controller. Based on an intention of the driver, the
automatic parking mode may be executed again or termi-
nated.

Further, when the gear 1s shifted to another gear other than
parking (P) during the automatic parking, and when the
steering 1s changed to a predetermined degree or greater, the
vehicle may stop. For example, steering change of a prede-
termined degree may indicate a steering change of about 5
Nm of torque applied to the steering wheel. Accordingly, the
controller may be configured to request the driver to select
whether to maintain the automatic parking mode through the
display controller. Based on an intention of the dniver, the
automatic parking mode may be executed again or termi-
nated.

Additionally, when the braking 1s performed to a prede-
termined degree or greater during the automatic parking, the
controller may be configured to determine that the braking
of the driver should be preferentially performed, rather than
application of the automatic parking system. In other words,
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the subject vehicle may stop by the brake engagement of the
driver (S55 and S60). In addition, the automatic parking
mode may be terminated following the intention of the
driver. The driver may turn ofl the execution switch of the
automatic parking mode (the first type) or cancel the execu-
tion of the automatic parking mode using the remote con-
troller (the second type) (570).

FIG. 3 1s a diagram showing a parking area at the time of
parallel parking according to an exemplary embodiment of
the present invention, and FIG. 4 1s a diagram showing a
parking area in which there 1s a parking line at the time of
parallel parking according to an exemplary embodiment of
the present mnvention.

Retferring to FIGS. 3 and 4, it may be possible to detect
parking areas in which parallel parking may be executed
using the sensor unit attached to a subject vehicle 10. The
sensor unit may be configured to detect a parking line 21, a
curb 22 disposed around parking areas, and a space between
surrounding vehicles 50, and the controller may be config-
ured to calculate parking areas by calculating whether the
spaces are a space i which the subject vehicle 10 may be
parked based on such information (e.g., determimng
whether the vehicle would be capable of fitting into the
parking space due to the spatial constraints). In particular,
the controller may then be configured to calculate an optimal
parking area 20 most suitable for parking among parking
arcas. The controller may also be configured to select an
optimal parking area 20 based on a length and a width of the
subject vehicle 10.

Referring to FIG. 3, the controller may be configured to
calculate the optimal parking area 20 by calculating a space
between surrounding vehicles 50. The curb 22 may assist in
defining a space between surrounding vehicles 50. Further,
the sensor unit may be configured to sense an alignment line
of the surrounding vehicles 50 parked 1n parallel to assist n
calculating the optimal parking area 20. The optimal parking
area 20 may have a length X1 that extends 1n a direction 1n
which the surrounding vehicles 50 are parked, and a width
Y1 that extends in a direction perpendicular to that of the
length X1. The length X1 may be a value obtained by adding
a length of the subject vehicle 10 and first room (+a), and the
width Y1 may be a value obtained by adding a width of the
subject vehicle 10 and second room (+b).

For example, when the length of the subject vehicle 10 1s
short (e.g., about 4 m or less), the first room (+a) may satisiy
+a=4 mx0.25 when the length of the subject vehicle 10 1s
long (e.g., 6 m or greater), the first room (+a) may satisiy
+a=6 mx0.25, and the second room (+b) may be 0.2 m. In
other words, the controller may be configured to calculate
the optimal parking area 20 by considering the length and
the width of the subject vehicle 10.

Referring to FIG. 4, the sensor unit may be configured to
sense the parking line 21, and the controller may be con-
figured to determine whether the subject vehicle 10 may be
parked by calculating a length X1 and a width Y1 of the
parking line 21. The parking line 21 may have a contrast
range of at least 5. The parking line 21 may have a constant
width W1, and the controller may be configured to deter-
mine whether it 1s an optimal parking area 20 by considering
the length X1, the width Y1, and the width W1 of the parking
line 21.

FIG. 5 1s a diagram showing a parking area at the time of
perpendicular parking according to an exemplary embodi-
ment ol the present invention, and FIG. 6 1s a diagram
showing a parking area in which there 1s a parking line at the
time of perpendicular parking according to an exemplary
embodiment of the present invention.
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Referring to FIGS. § and 6, 1t may be possible to detect
parking areas in which perpendicular parking may be
executed through the sensor unit attached to the subject
vehicle. The sensor unit may be configured to detect a
parking line 21 and a space between surrounding vehicles
50, and the controller may be configured to calculate parking
areas by calculating whether the spaces are a space 1n which
the subject vehicle may be parked based on such information
(e.g., whether the vehicle i1s capable of fitting into the space
due to spatial constraints).

Referring to FIG. 5, the controller may be configured to
calculate the optimal parking area 20 by calculating a space
between surrounding vehicles 50. The optimal parking area
20 may have a width Y2 that extends 1n a direction in which
the surrounding vehicles 50 are parked, and a length 2 that
extends 1n a direction perpendicular to that of the width Y2.
The length X2 may be similar to the length of the subject
vehicle, and the width Y2 may correspond to a value
obtained by adding the width of the subject vehicle and third
room (+c). For example, the third room (+c) may be about
1.2 m.

Referring to FIG. 6, the sensor unit may be configured to
sense the parking line 21, and the controller may be con-
figured to determine whether the subject vehicle 10 may be
parked by calculating a length X2 and a width Y2 of the
parking line 21. The parking line 21 may have a contrast
range of at least 5. The parking line 21 may have a constant
width W2, and the controller may be configured to deter-
mine whether 1t 1s an optimal parking area 20 by considering
the length X2, the width Y2, and the width W2 of the parking
line 21. For example, when the subject vehicle 1s a large
vehicle (e.g., a truck, SUV, or the like), the length X2 may
be greater than the length of the subject vehicle by about 1.0
m, and the width Y2 may be greater than the width of the
subject vehicle by about 0.06 m. In other words, the con-
troller may be configured to calculate the optimal parking
area 20 by considering the length and the width of the
subject vehicle 10.

FIG. 7 1s a diagram showing an image of a top view
format obtained by being converted and synthesized by
virtual camera modeling according to an exemplary embodi-
ment of the present invention. Referring to FIGS. 1 and 7,
when the camera processor 110 1s implemented as the AVM,
the 1mages around the subject vehicle may be photographed
at 360° 1n all directions with respect to the subject vehicle.
The wvirtual camera modeling may be performed by the
parking space recognizing unit 150 or the controller 200
(which may be included 1n the AVM) photographed through
the AVM, and as a result, may be converted into the external
image that 1s a two-dimensional (2D) 1image. In particular,
the external image may be a top view, that 1s, a bird’s eye
view 1mage, such as when viewing the vehicle from the top
of the subject vehicle.

FIGS. 8 to 11 are diagrams showing a process of recog-
nizing a parking area of a parking space recognizing unit
according to an exemplary embodiment of the present
invention. Referring to FIGS. 1 and 8 to 11, a corner
detection technology for comparing two consecutive 1images
to recognize parking areas may be used. The corner detec-
tion technology, which 1s a technology of recognizing an
image by extracting corners of objects included in the image,
1s generally used to determine a difference between the
consecutive 1mages.

Particularly, in the image processing and recognizing
fields, the corner information becomes an important refer-
ence point 1n fields such as shape and tracking, and therefore
the present mmvention may use the corner detection as
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described above to recognize the images around the con-
secutively photographed top view type vehicle, thereby
extracting main feature points. Among the corner detection
technologies as described above, the most representative
Harris corner detection technology may be used. However,
the corner detection technology may not be limited thereto.

When the main feature points of two consecutive 1mages
are extracted, the controller 200 may be configured to match
and compare the feature points of the two consecutive
images. The known normalized cross correlation (NCC)
technology may be used to match the feature points of the
two consecutive images. The NCC technology 1s a technol-
ogy for normalizing two 1mages to compare the two 1mages
with each other. The controller 200 may use the NCC
technology to normalize and compare the two consecutive
images that vary based on the movement of the vehicle. In
particular, the controller 200 may use brightness values of
7X7 square area pixels around the feature points of the two
consecutive 1mages as descriptors of the feature points,
normalize them using the NCC technology to match each
feature point with each other, and measure similarity.

As described above, when the respective feature points of
the two consecutive 1mages normalized are matched with
cach other, as illustrated 1n FIG. 10, the step of deleting the
mismatched feature points may be performed. The step of
deleting the mismatched feature points may be performed to
extract an angular difference between the two consecutive
images using a similarity transformation model and compare

only valid feature points using a random sample consensus
(RANSAC) technology displacement difference. The

RANSAC technology 1s a well-known technology of pre-
dicting factors of a mathematical model from a series of data
sets including false information (mismatched feature points
in the embodiment of the present invention) by a repetitive
operation.

In particular, the controller 200 may be configured to
recognize the mismatched feature points using the RANSAC
technology and delete those feature points. When the mis-
matched feature points are deleted as described above and
the valid feature points are selected, as illustrated in FIG. 11,
the process of matching the images based on the estimated
valid feature points may be performed. In other words, the
movement trajectory of the vehicle may be recognized and
the position of the vehicle may be estimated, by continu-
ously performing the steps of FIGS. 8 to 10 and continu-
ously matching the consecutive 1images based on the move-
ment of the vehicle.

FIG. 12 1s a diagram 1illustrating adjustment of a spaced
distance at the time of automatic parking according to a
second exemplary embodiment of the present invention. The
driver’s seat side distance a refers to a spaced distance
between the subject vehicle and surrounding vehicles posi-
tioned on a driver’s seat side of the subject vehicle and a
passenger seat side distance b refers to a distance between
the subject vehicle and the surrounding vehicles positioned
on the passenger seat side.

Retferring to FIGS. 12 and 10, when the subject vehicle
enters the optimal parking area, the spaced distance between
the subject vehicle and the surrounding vehicles may be
adjusted. When the extracted passenger side distance b 1s
less than the predetermined reference distance d when the
subject vehicle enters the optimal parking area, the space
may be determined to be insuflicient (e.g., too small) and
when the driver’s seat side distance a 1s sutlicient to meet the
reference distance d after a parking space with respect to the
passenger seat side distance b 1s secured, a control to secure
a spare space may be performed.
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When the driver’s seat side distance a 1s insuilicient, the
mimmum spaced distance control may be performed. In
other words, as in the present exemplary embodiment, the
conditions under which the spare space securing control 1s
performed are that the spaced distance between the vehicle
and the passenger side vehicle 1s less than the reference
distance (b<<d) and the spaced distance between the vehicle
and the passenger side vehicle 1s adjusted to be reference
distance and then the spaced distance between the vehicle
and the driver’s seat side vehicle positioned on the driver’s
side of the vehicle 1s equal to or greater than the critical
distance.

In particular, the critical distance may be expressed by the
sum of the predetermined minimum spaced distance and
|[d-bl. In other words, when azminimum spaced distance+
|[d-bl, the spare space securing control may be performed,
and the controller may be configured to operate the subject
vehicle to adjust the distance between the vehicle and the
passenger seat side vehicle to be the reference distance. A
distance control amount corresponds to d-b.

FIG. 13 1s a diagram 1illustrating adjustment of a spaced
distance at the time of automatic parking according to a
second exemplary embodiment of the present invention.
Referring to FIG. 13, when the extracted passenger side
distance b 1s less than the reference distance when the
subject vehicle enters the optimal parking area, the space
may be determined to be msutlicient and when the driver’s
seat side distance a 1s insuflicient to meet the reference
distance d after the parking space with respect to the
passenger seat side distance b 1s secured, the minimum
spaced distance control may be performed.

In other words, as 1n the present exemplary embodiment,
the conditions under which the minimum spaced distance
control 1s performed are that the spaced distance between the
subject vehicle and the passenger side vehicle 1s less than the
reference distance (b<<d) and the spaced distance between
the vehicle and the passenger side vehicle 1s adjusted to be
reference distance and then the spaced distance between the
subject vehicle and the driver’s seat side vehicle positioned
on the driver’s side of the subject vehicle 1s less than a
critical distance.

In particular, the critical distance may be expressed by the
sum of the predetermined minimum spaced distance and
|[d-bl. In other words, when a<minimum spaced distance+
|[d-bl, the minimum spaced distance control may be per-
formed, and the controller may be configured to operate the
subject vehicle to adjust the distance between the subject
vehicle and the passenger seat side vehicle to be the prede-
termined minimum spaced distance. The minimum spaced
distance may be set to be a distance from a parking line
between the subject vehicle and the driver’s seat side vehicle
to the subject vehicle or may be set to any value, and the
distance control amount to which the vehicle moves corre-
sponds to a—c.

According to the exemplary embodiment of the present
invention, 1t may be possible to provide the automatic
parking system capable of setting an optimal parking area
among parking areas to automatically perform parking from
a current position of a subject vehicle to the optimal parking
area. According to the exemplary embodiment of the present
invention, the images around the vehicle may be acquired
using the AVM system and converted into the top view
image, thereby recognizing the situations around the vehicle
in real time and recognizing the parking space 1n any
direction around the vehicle.

According to the exemplary embodiment of the present
invention, the images around the vehicle may be continu-
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ously photographed to be registered, and the consecutive
images may be compared with each other to perform the
parking space and the parking line to show the path through
which the vehicle passes and display the optimal parking
space, thereby improving the reliability of parking and the
accuracy. Further, 1t may be possible to improve the stability
of the parking assistance system by providing the top view
based 1mage to the driver and visualizing the parking
pProcess.

According to the exemplary embodiment of the present
invention, 1t may be possible to allow a driver conveniently
enter and exit a subject vehicle and surrounding vehicles by
adjusting the spaced distance from the surrounding vehicles
parked on both sides of the subject vehicle when the
automatic parking system 1s performed. Additionally, it may
be possible to readjust the spaced distance between the
subject vehicle and the surrounding vehicles 1n response to
determining that the space is insuflicient to enter or exit the
vehicles based on the detected parking condition.

Meanwhile, 1t 1s to be understood that a partially auto-
mated parking system 1s described 1n the present specifica-
tion by way of example for convenience of explanation. As
described above, the PAPS 1s merely one of several
advanced driving assistance system (ADAS) functions, and
it 1s to be understood that implementation of the PAPS
suggested in the present invention may also be used for
implementation of other relevant ADAS functions. For
example, the method suggested 1n the present invention may
also be used to implement one function or a combination of
a plurality of functions ADAS functions such as a PAPS, a
land departure warning system (LDWS), a lane keeping
assistance system (LKAS), a pedestrian detection and col-
lision mitigation system (PDCMS), a forward vehicle col-
lision warning system (FVCWS), a low speed following
(LSF), a maneuvering aids for low speed operation
(MALSO) and an extended range backing aid (ERBA), eftc.

Further, an arbitrary connection 1s appropriately referred
to as a non-transitory computer-readable medium. For
example, when software 1s transmitted from a website, a
server, or other remote source by using a coaxial cable, an
optical fiber cable, a twisted-pair cable, a digital subscriber
line (DSL), or wireless technologies such as intrared, radio,
and ultra high frequency, the coaxial cable, the optical fiber
cable, the twisted-pair cable, the DSL, or the wireless
technologies such as infrared, radio, and ultra high fre-
quency are included in defimtion of the medium. The disk
and disc as used herein includes a compact disc, a laser disc,
an optical disc, a digital versatile disc (DVD), a floppy disc,
and a Blu-ray disc, and disks generally magnetically repro-
duce data, but discs optically reproduces data by laser. The
above combinations also should be included 1n a range of the
computer-readable medium.

When the exemplary embodiments are implemented by a
program code or code segments, 1t 1s to be recognized that
the code segment may represent a procedure, a function, a
sub-program, a program, a routine, a sub-routine, a module,
a software package, a class, or any combination of com-
mands, data structures, or program instructions. The code
segment may be connected to another code segment or a
hardware circuit by transferring and/or receiving informa-
tion, data, an argument, a parameter, or memory contents.
The information, the argument, the parameter, the data, and
the like may be transierred, sent, or transmitted by using any
appropriate means including memory share, message trans-
mission, token transmission, network transmission, etc. In
addition, 1n some aspects, steps and/or operations of a
method or an algorithm may reside as one of codes and/or
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commands or any combination or a set thereotf on a machine-
readable medium and/or a computer-readable medium that
may be integrated as a computer program object.

In the implementation as soitware, technologies described
herein may be implemented by modules (e.g. procedure,
function, etc.) performing the functions described herein.
The software codes may be stored 1n memory units and may
be executed by processors. A memory unit may be imple-
mented 1n a processor or outside the processor, and in this
case, the memory unit may be connected to the processor 1n
a manner that the memory unit may perform communication
with the processor by various means as known 1n the art.

In implementation as hardware, processing units may be
implemented by one or more of an application specific
integrated chip (ASIC), a digital signal processor (DSP), a
digital signal processing device (DSPD), a programmable
logic device (PLD), a field programmable gate array
(FPGA), a processor, a controller, a microcontroller, a
microprocessor, and other electronic units designed to per-
form the functions described herein, or in a combination
thereof.

The above description includes an example of one or
more exemplary embodiments. It 1s apparent that those
skilled 1n the art may recognize that every possible combi-
nations of components or method may not be described for
explanation of the above described exemplary embodiments,
but additional combination and substitution of various
exemplary embodiments may be possible. Therefore, the
described exemplary embodiments include all alternatives,
changes, and modifications within the spirit and scope of the
accompanying claims.

As used herein, a term “inferring” or “inference” gener-
ally refers to a process of determining or inferring a state of
a system, an environment, and/or a user based on observa-
tion of one set captured by events and/or data. The inference
may be used to 1dentify a specific situation or operation, or
may generate probability distribution with respect to, for
example, states. The inference may be probabailistic, that 1s,
may be calculation of probability distribution with respect to
corresponding states based on consideration of data and
events. The inference may also refer to technologies used to
configure upper level events from one set of events and/or
data. Such iniference enables estimation of new events or
operations irom one set of observed events and/or stored
event data, whether events are closely related 1n time, and
whether events and data come from one or several events
and data sources.

What 1s claimed 1s:

1. An automatic parking system, comprising:

a camera processor configured to acquire 1mages around
a subject vehicle, and convert the acquired 1mages into
external images and synthesize the external 1mages;

a sensor processor configured to measure spaced distances
between the subject vehicle and surrounding vehicles;

a parking space recognizing unit configured to periodi-
cally receive the spaced distances and the external
images and sequentially compare the consecutive exter-
nal 1images with the spaced distances using an 1mage
recognition technology to recognize parking areas; and

a controller configured to calculate a moving path
between a current position of the subject vehicle and an
optimal parking area among the parking areas and
operate the subject vehicle based on the moving path,

wherein the parking space recognizing unit 1s configured
to detect the parking areas based on a length and a
width of the subject vehicle.
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2. The automatic parking system of claim 1, wherein the
parking space recognizing unit i1s configured to extract
feature points of the consecutive images using the image
recognition technology, match the feature points of the two
consecutive 1images, delete mismatched feature points, and
match valid feature points to recognize the parking areas.
3. The automatic parking system of claim 1, wherein the
controller 1s configured to operate the subject vehicle to
prevent the subject vehicle from colliding with obstacles
using data acquired by the sensor processor and the camera
processor, while the subject vehicle moves along the moving
path.
4. The automatic parking system of claim 1, wherein the
sensor processor 1s configured to sense spaced distances
between the surrounding vehicles positioned at a side of the
subject vehicle 1n the optimal parking area, and the control-
ler 1s configured to operate the subject vehicle to adjust a
first spaced distance from a passenger seat side vehicle
positioned on a passenger seat side of the subject vehicle to
be a predetermined reference distance based on the space
distances.
5. The automatic parking system of claim 4, wherein the
controller 1s configured to adjust the first spaced distance to
be the reference distance when the first spaced distance 1s
less than the reference distance and determine whether a
second spaced distance between the subject vehicle and a
driver’s seat side vehicle positioned on the driver’s seat of
the subject vehicle 1s equal to or greater than the reference
distance.
6. The automatic parking system of claim 3, wherein the
controller 1s configured to operate the subject vehicle to
adjust the second spaced distance to be the reference dis-
tance when the second spaced distance 1s equal to or greater
than the reference distance.
7. The automatic parking system of claim 5, wherein the
controller 1s configured to operate the subject vehicle to
adjust the second spaced distance to be a predetermined
minimum spaced distance when the second spaced distance
1s less than the reference distance.
8. The automatic parking system of claim 7, wherein the
minimum spaced distance 1s set to be a distance between a
main lane positioned between the subject vehicle and the
driver’s seat side vehicle and the subject vehicle.
9. The automatic parking system of claim 4, wherein the
controller 1s configured to determine whether a second
spaced distance between the subject vehicle and a driver’s
seat side vehicle positioned on the driver’s seat side of the
subject vehicle 1s equal to or greater than a predetermined
critical distance when the first spaced distance 1s less than
the reference distance, and the critical distance 1s set to be
a value obtamned by adding a predetermined minimum
spaced distance to a moving distance of the first spaced
distance to adjust the first spaced distance to be the reference
distance.
10. The automatic parking system of claim 1, wherein the
sensor processor 1s configured to detect surrounding parking
around the optimal parking area and a parking line.
11. The automatic parking system of claim 1, further
comprising;
a display controller configured to output a notification to
a driver regarding the parking areas,

wherein the controller 1s configured to operate the subject
vehicle to be driven 1n the optimal parking area selected
by the drniver.

12. The automatic parking system of claim 1, wherein the
controller 1s configured to adjust steering, acceleration,
brake, gear shift, and parking brake of the subject vehicle.
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13. The automatic parking system of claim 1, wherein the
external 1mage 1s a top view i1mage ol the subject vehicle
viewed from a top of the subject vehicle.

14. An automatic parking method for automatically park-
ing a subject vehicle, comprising:

receiving, by a controller, a user selection of an automatic

parking mode;
detecting, by the controller, parking areas using external
images around the subject vehicle, spaced distances
between the subject vehicle and surrounding vehicles,
and a length and a width of the subject vehicle;

selecting, by the controller, an optimal parking area
among the parking areas; and

automatically parking, by the controller, the subject

vehicle 1n the optimal parking area,

wherein 1n the detecting of the parking areas, the parking

areas are recognized by sequentially comparing the
consecutive external images with the spaced distances

using an 1mage recognition technology.
15. The automatic parking method of claim 14, further
comprising;
terminating, by the controller, the automatic parking
mode, after automatically parking the subject vehicle,
wherein the terminating of the automatic parking mode 1s
performed by turning off an automatic parking mode
switch or shifting a gear to a park mode.
16. The automatic parking method of claim 14, wherein 1n
the automatically parking of the subject vehicle, when an
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automatic parking mode switch 1s turned ofl or a gear is
shifted to a parking mode, the automatic parking mode 1s
terminated.
17. The automatic parking method of claim 14, wherein in
the automatically parking of the subject vehicle, when any
one of gear shift, steering change, and brake operation is
performed, the automatic parking mode 1s stopped.
18. The automatic parking method of claim 14, wherein
the spaced distances include a first spaced distance between
the subject vehicle and a passenger seat side vehicle posi-
tioned on a passenger side of the subject vehicle and a
second spaced distance between the subject vehicle and a
driver’s seat side vehicle positioned on the driver’s seat of
the subject vehicle, and 1n the automatically parking of the
subject vehicle, the subject vehicle 1s operated to adjust the
first spaced distance and the second spaced distance to be a
predetermined reference distance.
19. The automatic parking method of claim 14, wherein
the detecting of the parking areas includes:
extracting, by the controller, feature points of the con-
secutive 1mages using the image recognition technol-
OgY;

deleting, by the controller, mismatched feature points by
matching the feature points of the two consecutive
images; and

matching, by the controller, images based on valid feature

points.
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